starch block electrophoresis in 0.075 M barbital buffer, pH 8.6 [6] , and Sephadex G-200 (Pharmacia, Uppsala, Sweden) filtration with 1 M NcCl in 0.1 M Tris-HCl buffer, pH 8.2 [7] . IgM was isolated from macroglobulinemic sera by plasmapheresis, euglobulin precipitation [8] , and Sephadex G-200 filtration. Light chains were isolated from urines of patients with myeloma by precipitation with 60% ammonium sulfate at 4°C followed by gel permeation chromatography on Sephadex G-100. The specificity of the isolated immunoglobulins and light chains was monitored by double diffusion in gel [9] and by immunoelectrophoresis [lo] against antisera to each of the immunoglobulins and to whole serum. Antisera prepared in rabbits with specific immunoglobulins emulsified in Freund's complete adjuvant (Difco Laboratories, Detroit, Mich.) were cross-adsorbed with purified immunoglobulins and light chains.
Preparation of standard sera
The purified immunoglobulins were assayed for protein nitrogen by a microKjeldahl procedure [ll] , and approximate Svedberg constants were determined by analytical ultracentrifugation in 0.02 M phosphate, 0.12 M NaCl, pH 7.2, to be 7S",,,W for IgG and IgA and 19S", , , , for IgM [12] . A set of working standards consisted of four dilutions of serum from a healthy donor stored in aliquots at -70°C. Immunoglobulin concentrations in these standards were determined by comparison to the purified immunoglobulin standards and to International Reference Preparation 67/95 [13] . International units/mg of protein were computed for IgG as 10.4, IgA 56.4, and IgM 12.2. Antisera used in this study were compared to two commercially available preparations and produced comparable linear assays.
Quantitation of immunoglobulins in test sera
Immunoassay was performed by a modification of the radial diffusion method [14] , in 0.8 per cent Ionagar No. 2 (Consolidated Lab., Chicago Heights, Ill.) in Tris-HCl buffer, L=O.l, pH 7.2. After incubation of the plates at 4°C for 18-22 hr, a period of time determined experimentally to be within the linear relationship between area of precipitation and concentration of antigen, the perpendicular diameters of the precipitin rings were measured on a micrometer stage of a microscope and averaged. Four dilutions of the standard serum were included on each test plate. The concentration of immunoglobulin was read from a line plotted from the standards which was valid for the following ranges: IgG 3-16 mg/ml, IgA 0.5-2.5 mg/ml, and IgM 0.3-2.0 mg/ml. High and low immunoglobulin concentrations were verified by repeated examination. Sera with low immunoglobulin content were reassayed by the electroimmunodiffusion method of Laurel1 [15] which has a lower limit of sensitivity of 0.01 mg/ml. Sera with immunoglobulin concentrations in excess of the highest standard values were diluted so that concentration could be evaluated on the linear portion of the scale.
Reproducibility of radial immunod@iision
The coefficient of variation for repeated measurements of a standard serum during a 2-yr period was computed with the formula lOOt._, (S.D./mean) in order to obtain the 95 per cent confidence limits for each assay. These values were f 17 per cent for IgG, +20 per cent for IgA, and +27 per cent for IgM. Values for interplate variation during a single day's experiments were f 10 per cent for IgG, + 13 per cent for IgA, and + 16 per cent for IgM.
Statistical methods
Although immunoglobulin concentration data in mg/ml are skewed, a log, transformation yielded a dependent variable indistinguishable from a normal distribution. All statistical analyses were performed on transformed data which represented the central + 1.96 SD. of the original samples. This procedure was used to minimize the problem of outliers [16] . Appropriate parametric statistical procedures related to multiple linear regression, tests for significance of regression parameters, and confidence intervals were selected from Hald [17] . Computations were made on the University of Michigan IBM 360/67 duplex computer [lg] .
The lo& concentration data for each of the six immunoglobulin sex groups were fitted to the model y=A +Bx+Cx2+Dx3+Ex", where x is age of the subject in years. The power series was truncated when additional terms produced no improvement in the residual variance of fit about the regression line. Regression curves were computed from the appropriate parameters and 95 per cent confidence limits for the data were computed from the residual variance of fit. Determination of significant age and sex effects was based upon standard tests of the regression parameters at a 5 per cent level of significance. Sex-age specific concentration means and ranges at the 90 per cent level were reinterpreted on a linear scale for convenience in use. 
Sex differences

RESULTS
Slight but statistically significant sex differences were observed in the age-specific mean serum concentrations of IgG and IgA. These changes are shown in Figs. l-4. Males were lower than females for IgG, and higher than females for IgA. There was a 
Age d@erences
Ages are distributed as illustrated by the actual data points in Figs. 1-6. Linear regressions of log concentration against age are depicted together with bounds of the 95 per cent confidence limits. Regression on age revealed an age effect for IgA and IgG but none for IgM. Furthermore, a significant sex effect was noted on the slopes for each sex regression for IgG and IgA. For IgM, slopes for each sex regression were indistinguishable from zero, as were the pooled estimates of the slopes.
Age specific concentrations for IgG increased slowly throughout the age range. The slopes of the regressions for IgA were steeper than for IgG. There was no significant change in the concentration of IgM with increasing age for either sex. There was no increase with age in the variability of the range of the data for any immunoglobulin class. Tests for homogeneity of variance for both sequential equal-age groups and sequential equal-size groups confirm that the data are homoscedastic at the 5 per cent level.
All regressions were found to be linear since additional power terms did not significantly reduce the residual variances. The relevant parameters of the computations are included in Table 1 . The residual standard deviations about the regression lines are shown in the third column of the table. By the variance ratio test, sex had no effect on residual variance, and pooled estimates of variance were therefore made: for IgA, s=O.O537; for IgG, s=O.2936; and for TgM, s=O.5832. The pooled estimates were used in subsequent tests of significance and in computing ranges.
Range of normal immunoglobulin values
Using the regression equations, ranges of normal concentration values for IgG and IgA were computed. Table 2 displays these mean immunoglobulin concentrations in mg/ml. The lower and upper limits of a range which excluded 5 per cent of the values at each extreme, the 90 per cent confidence interval, are given for each of the age groups. For IgM the mean was 0.77 mg/ml for males and 1.06 mg/ml for females; the 90 per cent confidence interval was 0.30-2.01 mg/ml for males and 0.41-2.77 mg/ml for females. Sera with large deviations from the mean were reexamined by immunoelectrophoresis. No qualitative abnormalities were identified in immunoglobulins. *Range is expressed in mg/ml and defines the interval within which 90 per cent of the data are expected to fall. For IgM the mean is 0.77 mg/ml with a range of 0.30-2.01 mg/ml for males, and I .06 mg/ml with a range of 0.41-2.77 mg/ml for females.
DISCUSSION
Recent studies have concluded that immunoglobulin concentrations are lognormally distributed [I, 4, 191 . One consequence of this fact is that ranges of average concentrations cannot be expressed as symmetric confidence intervals about the mean in mg/ml concentration units. Therefore the 90 per cent confidence limits in Table 2 are not symmetrical. These data as presented are clinically useful expressions of norms for the measured immunoglobulin classes for white individuals residing in the United States in the temperate zone, although seasonal variation was not a major factor in the present study. Racial admixture and large deviations in socioeconomic levels were not important aspects of this population group. The method of analysis of immunoglobulin concentration based upon radial diffusion assay is comparable to that in general use in clinical laboratories. In order to increase the usefulness of our data to other investigators, these values can be related to the International Reference Preparation by referral to the assays of 67/95 [13] . However, differences in antigenic specificity of antisera employed in various laboratories cannot be controlled by that procedure [20] , so we have not expressed concentrations as percentages of the standard.
The unique data presented in this report were derived from analysis of a large number of consecutive sera in a study of a total community, thereby avoiding many of the biases of preselection of individuals. Two constraints were inherent in this population: the lack of authorization to obtain blood on children younger than 4 yr of age, and the under-representation of the 20-30 yr age group, particularly in males, owing to the outward mobility of young adults in such a community related to education, military service and employment.
The immunoglobulin values provided by this study have proved useful to us in analyses of diseased populations by providing norms for standardization of immunoglobulin concentrations [21] . This process of normalization permits expression of sex and age corrected immunoglobulin values in relation to the spectrum of concentrations observed in this population study and allows valid intragroup comparisons by the subsequent use of statistical procedures which employ parametric concepts.
Previous studies have described variations in serum immunoglobulin concentrations based upon race [2, 33, age [l, 4, 191, and sex [22] . There has not been agreement, however, on the correct expression of the varying trends that were observed in these studies, especially for age effect. Some of the study groups have been small in comparison to the present one and most were biased by not representing community samples.
Conclusions supporting aspects of the present study were obtained by Kalff who summarized all previous investigations and in addition reported data on 252 sera divided into nine age groups of 15 males and 15 females each [4] . No sex differences were found for IgG and IgA, but concentrations did increase with age. Concentrations of IgM were higher in females, and the mean concentration of IgM did not change with age.
Somewhat different conclusions were drawn by Buckley and Dorsey [l, 191 . Their studies included 811 individuals of the white and black races. They described a fall in mean concentrations of IgG and IgM after the age of 35 yr; in contrast, serum IgA concentrations were well maintained. These authors confirmed the observation that mean IgM levels were higher in females. Differences in concentrations of IgG and IgA based upon sex were found to be small. In the present study, IgM concentrations were markedly higher in females in agreement with previous reports (1, 4, 19, 22) . Serum levels of IgG were slightly increased in females, whereas IgA levels were somewhat higher in males. Although these sex differences for IgG and IgA were statistically significant, they do not have any biologic meaning that is immediately apparent.
In the present study, mean IgG and IgA concentrations increased progressively with age of the population and serum levels of IgM were maintained at a stable value throughout the adult years. Buckley and Dorsey employed polynomial analysis in reaching their conclusion that aging was associated with a decrease in IgG and IgM concentrations [l, 191. In the present study we did not find that polynomial analysis improved the regression of the data using the unbiased estimate of residual variance as the criterion.
All of these studies including the present one have used cross-sectional analysis to identify trends which might be applicable to a single individual throughout his lifetime. Therefore, our results must be interpreted cautiously as individual trends might differ considerably from cohort analysis. There is evidence, however, that whole gamma globulin concentrations increase progressively in individuals studied longitudinally between the ages of 4 and 20 yr [23] in agreement with the conclusions of the present study, SUMMARY Concentrations of serum immunoglobulins provide clinically useful parameters of immunologic or inflammatory diseases. Valid interpretations of these data require recognition of biologic variations which exist throughout the life-span of the individual. The most important of these variables are sex, age and race. The present study reports the sex-age specific changes in serum immunoglobulin concentrations in 3213 unselected individuals from 5 to 94 yr of age from a community study. Evaluation of biologic differences was accomplished by multiple linear regression on log, transformed data.
IgG and IgA concentrations increased with age with slight but significant differences between the sexes. Females had higher serum levels of IgG and lower levels of IgA than males. IgM levels did not change with age and were significantly higher in females than in males. None of the immunoglobulin concentrations decreased with age, nor was there a change in variability. These observations document significant biologic variations which occur in immunoglobulin concentrations and are the first data available based on an unbiased community sample.
